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SUMMARY 


Neuher's proposed method of calculating a practical factor of stress 
concentration for parts containing notches of arbitrary size depends on 
the knowledge of a "new material constant" which can be established only 
indirectly. In this paper, the new constant has been evaluated for a 
large variety of steels from fatigue tests reported in the literature, 
attention being confined to stresses near the endurance limitj reasonably 
satisfactory results were obtained with the assimiption that the constant 
depends only on the tensile strength of the steel. Even in cases where 
the notches were cracks of which only the depth was known, reasonably 
satisfactory agreement was found between calculated and e:q)erimental 
factors. It is also shown that the material constant can be used in an 
empirical formula to estimate the size effect on ^mnotched specimens 
tested in bending fatigue. 


INTRODUCTION 


It has long been known that the stress concentration factors 
developed in fatigue tests Increase (for geometrically similar specimens) 
as the size of the specimen increases (ref. 1, first ed. , p. 688) , For 
reasons of economy, standard fatigue tests are run on rather small speci- 
mens j the direct application of such data to the design of large parts 
may lead to rather large unconservative errors to such an extent that 
many practical engineers decry standard laboratory fatigue tests as 
being of little value for design. 

Size effect is only one of several factors that may result in uncon- 
servatlve strength predictions, but it is a very important one; quanti- 
tative rules for estimating it are therefore Imperative if the predic- 
tions of fatigue strength are to be in^roved. This paper presents an 
engineering rule for estimating the effect of size of a notch, or more 
specifically, a rule for converting the theoretical factor of stress con- 
centration into the actual fatigue factor. The rule utilizes a relation 
proposed by Neuber in reference 2 which involves the use of a new material 
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constant; the new contribution consists in evaluating a comprehensive 
array of fatigue tests, collected from the llterat\u:e, to show that the 
material constant may be taken as a function of the tensile strength of 
the material. The evaluation was confined to steel as material and to 
nominal stresses near the endurance limit. In appendix A, the rule is 
shown to yield reasonably satisfactory results even in the limiting case 
where the notch is an artificially produced crack. In appendix B, a 
simple empirical relation is given for estimating the size effect on 
unnotched fatigue specimens in bending with the aid of the new material 
constant. 

The material contained in this paper was presented in preliminary 
form to an aircraft industry group dijring March 1951. Since that time 
some of the theoretical factors have been recalculated, and some material 
has been added. 


SYMBOIS 


a distance from axis of symmetry to base of notch 

A new material constant (Neuber constant) 

d minimum diameter 

D maximum diameter 

I moment of inertia 

Kp stress concentration factor for deep notch 

Kp stress concentration factor effective in fatigue 

Kjj stress concentration factor corrected for size of notch 

(Neuber technical factor) 

Kg stress concentration factor for shallow notch 

Kqi theoretical stress concentration factor 

M applied moment 

N number of cycles to failure 

R radius of curvature at base of notch 
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s 

stress 

Sal 

endurance limit 


endurance limit 

t 

depth of notch 

(U 

flank angle 


for axially loaded Bpecimens 
for rotating beams 


DEFIfrrEIONS 


The results of fatigue tests on simple specimens are commonly pre- 
sented by plotting a stress S against the number N of cycles to 
failure (fig. l) . The stress S is computed by elementary formxilae 
for the smallest cross section of the specimen; for instance, for a 
notched (grooved) specimen tested in bending, the stress is computed 
as Ma/l for the cross section containing the bottom of the notch. 

The symbols used in describing the geometry of a notch are defined in 
figure 2. 

The term "fatigue factor" Kp is used in this paper to denote the 

stress concentration factor effective under fatigue conditions. The 
factor is defined for a given value of N (see fig. l) as the stress 
carried by the smooth specimen divided by the stress carried by the 
notched specimen. This definition is general and includes, as a 
limiting case, the factor obtained in a static test which may be regarded 

as a fatigue test with = ]j|' (for fully reversed stress) . In this 

paper, however, attention is confined to the fatigue factor at the 
endurance limit , defined herein as the fully reversed stress which leads 
to fracture in W = loT cycles as indicated in fig. 1^. This 

restriction automatically confines attention to peak stresses that are 
within the engineering elastic range. 

The theoretical factor is defined as the factor of stress con- 

centration derived by the conventional theory of elasticity, in which 
the material is assumed to be elastic, homogeneous, and isotropic. In . 
practice, this factor is often obtained by means of photoelastic tests. 
The mos't complete and systematic mathematical theory of stress concentra- 
tion is given in reference 2. 

The term "notch size effect" is used to denote an effect attributable 
to changes in the absolute size of the notch. Distinct from it is the 
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"ma'terial size effect," attributable to the fact that a thin sheet \mder- 
goes more forming work in the manufacturing process than a thick slab 
and that there is a mass effect when a large specimen is undergoing heat 
treatment, particxilarly in the quenching operation. The material-size 
effect can be fairly well eliminated in many investigations of the notch- 
size effect; for instance, small and large specimens may be made from 
the same thickness of sheet. 


THE KEUBER TECHNICAL FACTOR 


The configurations of the notches dealt with by the theory of elas- 
ticity (refs. 1 and 2) are such that the bottom of the notch may be con- 
sidered as a portion of a circle having a radius R. All the formulas 
for stress concentration contain a term with the square root of the 
reciprocal of this radius; as R becomes smaller* and smaller, this term 
causes the theoretical factor to Increase indefinitely. For a radius 
which is small but within the range actually \ised sometimes for test 
specimens (of the order of 1 X 10“^ inch), the theoretical factor may 
be of the order of 50 > whereas the corresponding ejqperimental fatigue 
factor may be only one-tenth as large or even less. The use of the theo- 
retical factor for design would therefore be entirely too pessimistic in 
many cases. 

Neuber*s book (ref, 2) is devoted largely to a systematic mathe- 
matical theory which gives the theoretical factors of stress concentra- 
tion (denoted in this paper by Kp) for many basic types of notches. 

Recognizing that the theoretical factors are not acceptable for design, 
however, Neuber also developed a formula for converting any given theo- 
retical factor into a technical factor (hereinafter termed "Neuber 

factor" and designated by %) Intended to be directly applicable In 

design. This formula is 


% = 1 


% - 1 



( 1 ) 


The quantities cu and R are the flank angle and the radius at the 
bottom of the notch, respectively. The quantity A, which has the 
dimension of a length, constitutes the key idea in the formula and Is 
called the "Neuber constant" in this paper; it is discussed in the 
following section. 
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Inspection of formula (l) shows that the factor Kjj lies between 
two limits as the constant A varies. If A is zero, then = Krjij 

in terms of the widely used concept of notch sensitivity (see ref. 1 , 
second ed. , p. 448), the material has 100-percent notch sensitivity. If 
the constant A becomes very large, % = 1 regardless of the value of 

this value indicates that the material is con^iletely insensitive to 

notches . 


THE NEUEER CONSTANT 


In the classical theory of elasticity, the material is considered 
as a continuum. Pointing to the fact that engineering metals have a 
granular structure, Neuber stated that this concept must be abandoned 
when a stress gradient is present. He proposed instead the concept that 
the material is an aggregate of "building blocks" and postulated that 
no stress gradient can develop across such a block; the q^uantlty A is 
the half-length of a block. Neuber stated that the length A should be 
considered as a new material constant and that it must be determined by 
ejcperlment. 

Neuber ‘s very brief argument may be elaborated somewhat as follows. 

It is well-known that the different types of grains of which an engi- 
neering metal generally consists may have very different properties and 
that the properties of any one grain may be hl^ly directional. The 
standard test bars used to determine the properties of the material, 
however, are sufficiently large to contain an immense number of grains, 
nnri the properties measured are the average taken over this large number. 
Under these conditions, the average is subject to relatively small fluc- 
tuations, and the assunptlon that the material is homogeneous is a use- 
ful sinplificatlon. But if the test bar is made smaller and smaller 
until such proportions are reached that the cross section contains only 
a few grains or finally a single grain, the properties measured will 
fluctuate more and more between the limits set by the properties of the 
individual grains. It is evident,- then, that the assunptlon of homoge- 
neity becomes less and less useful. This consideration leads to the 
interpretation of the building block as the minimum volume of material 
the behavior of which may be correlated to an acceptable degree of 
accuracy with the standard engineering properties of the material (or, 
more precisely phrased, with the properties observed on the standard 
engineering scale of magnitude) . 

It is clear that Neuber 's building block is not a physical entity 
directly observable, for Instance, by means of a microscope; it is a 
conceptual quantity that can be determined only by calculation from tests. 
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Moreover, the preceding interpretation in5>lieB a difficulty not evident 
from Neuter's definition: the Neuber constant A for a given material 

may have different values, depending on whether the property to be corre- 
lated is strain, yield stress, static strength, or fatigue strength. 


DETERMINATION OF THE NEUBER CONSTANT FROM FATIGUE TESTS • 


Within the frame of a broad-scale attack on the problem of putting 
fatigue design on a more secure basis, an investigation on size effect 
has been initiated. The Neuber factor appeared to offer promise of 
being a useful engineering method of estimating this effect; in order 
that the factor may be used, however, it is necessary that the Neuber 
constant be known for the materials. of interest. 

Neuber has determined the constant only for mild steel from two 
sets of static strain measurements on notched specimens made by another 
experimenter and arrived at a value of A 0.02 inch (ref, 2), Very 
few measiirements of this type have been made since these measurements 
must be made with extremely small gage lengths; they are thus very diffi- 
cult to make and are of uncertain acc\xracy. Furthermore, as pbinted out 
in the preceding section, values of the constant derived from static 
measvirements may not be applicable to fatigue tests. It was decided, 
therefore, to obtain the constants for various materials from an analysis 
of published fatigue tests. 

The analysis was limited to steel specimens because the nvnnber of 
relevant tests on other materials was inadequate. The fatigue factor 
was evaluated only for the endurance limit, as stated previously, in 
order to avoid the complication of corrections for plasticity effects. 

The data were taken from references 3 to IT. Particular attention was 
paid to tests in which the size of the specimen was varied systematically, 
but all individual tests available were also used. (A test means a 
companion pair of S-N c\irves, one curve for smooth specimens, one for 
notched specimens.) No usable tests were discarded for any reason what-*' 
ever, but many published tests were not usable either because the shape 
of the notch was not given or because the material was not described 
adequately. 

The analysis included tests on specimens with fillets, semicircular 
notches, V-notches^ and transverse holes; most of the tests were rotating- 
beam tests, but a fair number of axial-load tests on circular and flat 
specimens were also available. A large variety of carbon and alloy steels 
with tensile strengths ranging from 50 "fco 23O ksi were included. 

The direct calculation of the constant A from known values of 
Kp is very sensitive and, consequently, res'ults in large scatter. A 
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much more practical procedure is to assume trial values of A and to 
calculate Kjj from them. 

As a first approximation, the value A = 0.02 inch obtained by 
Neuber vas used, regardless of material. Obviously, a constant value of 
A can be, at best, only a crude approximation for the entire range of 
materials. Nevertheless, for most cases, the use of constituted 

an in^irovement over the use of as an estimate of the fatigue factor. 

A second approximation was obtained by considering the constant A 
to be a function of the tensile strength of the material. This relation 
was expected to be reasonable, at least qualitatively, on the basis of 
the following general observations: 

( 1 ) Notch sensitivity increases with increasing tensile strength. 

( 2 ) The Neuber building block might be expected to be related to 
grain size which decreases with increasing tensile strength. 

( 3 ) Endurance limits appear to be more closely related to tensile 
strengths than to other mechanical properties. 

The curve obtained by a trial- and- error process is shown in figure 3 . 


COMPARISON BEITWEEN PREDICTED AND EXPERIMEHTAL FATIGUE FACTORS 


The results obtained by applying formula (l) and the curve of fig- 
ure 3 "to some of the systematic series are shown in figures i)- and 5* 

These figures show the theoretical factor Krp, the technical factor Kjj, 

and the experimental values Kp. Figure ij- shows the results for four 

sets of tests on grooved shafts tested as rotating beams. The computed 
values of Kjj are in excellent agreement with the tests. Figure 5 

shows the results for three sets of tests on filleted shafts tested as 
rotating beams. The agreement is very good for two sets; for the third 
set, the prediction is conservative. 

Many of the tests do not constitute systematic series and are there- 
fore not suitable for indlvld;ial plots. Information on all the tests is 
presented in tables 1 to 5- The final resiolts for all tests are shown 
in figures 6 to 9 as plots of the ratio Kjj/Kp against the notch 

radius R. Two vertical lines are drawn at Kjj/Kp equal to O .9 and 1.1, 

respectively, as an aid In assessing the scatter. The reason for plotting 
against the notch radius is that small notch radii are often only rather 
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inacciirately established; consequently, Kj; is likely to hfe inaccurate, 
and increased scatter in the ratio may he expected for small 

radii for this reason (and possibly for other reasons) . 

Because the number of tests is quite large, some groups of points 
for a given notch radius have been averaged; the circle indicates the 
average ratio, the number above it the number of points averaged, and 
the ticks at the ends of the horizontal line indicate the lowest and 
the hipest ratio in the group. In some tests the ultimate strength 
was not given for the materials used; the data for these tests were 
analyzed on the basis of estimated strengths, and points obtained in 
this manner are plotted with tailed symbols. 


DISCUSSION OF REsunrs 


Inspection of figures 6 to 9 indicates, as expected, that there is 
more scatter when the notch radius is small. In particular, the group 
of 72 tests with R = 0.004 inch in figure 9 shows a rather wide scatter 
band. This series includes tests at 20° C and at -78° C, but no system- 
atic difference attributable to the temperature difference could be 
found. 

Figure 6 shows a group, totaling 11 points, at a radius of about 
0.01 inch for which the predictions are unconservative. Nine of these 
points were obtained in one Investigation where unusual heat treatments 
were used to produce widely different grain sizes for essentially the 
same ultimate tensile strength. The five most conservative predictions 
are for the specimens with the smallest notch radius shown in the entire 
figure (0.002 inch); moreover, the tensile strengths of the materials were 
not given and had to be estimated. The inaccuracy of the conservative pre- 
diction may therefore be attributable to inaccuracy of the basic data used. 

The theoretical factors for the specimens with transverse holes 
(fig. 8) were obtained by the laminar-action theory of reference I8, 
but with the use of the theoretical values of reference I9 as a basis 
rather than photoelastic values. The laminar-action theory converts 
the three-dimensional stress problem into a two-dimensional one by means 
of a simplifying assumption. The result fills a bad gap in the knowledge 
of stress concentrations, but its accuracy is open to some question In 
view of the simplifying assim^jtion. 

The resiilts shown in fig\ires 6 to 9 may be summarized as follows: 

The Neuber formula (l), used in conjunction with the curve of figure 3, 
predicts the fatigue factor with an accuracy of ±10 percent for 69 per- 
cent of the tests if specimens with notch radii equal to or less than 
0.01 inch are excluded and for 56 percent of the teste if no specimens 
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are excluded. These percentages are increased to 8l and 59 percent, 
respectively, if the results on transverse holes are disregarded on 
account of the imcertainty concerning the theoretical factors. 

The following facts should he remembered when an evaluation of the 
results is made; 

(1) The S-N curves from which the factor Kp is calculated are 
often not well established in the region of concern herein (that is, 

N = 10 T) . 

( 2 ) The S-N curves are subject to statistical fluctuations; conse- 
quently, the ratio KifydCp is also subject to such fluctuations. 

( 3 ) The theoretical factor K>ji is known accurately only for a few 
special cases, 

(4) For moat cases, only a nominal value of the notch radius was 
given, without indications of probable accuracy. 

( 5 ) Machining stresses may affect the factor Kp. (Stress measure- 
ments by means of X-rays suggest that these stresses may be large, par- 
ticularly on V-grooves. See ref. 20.) 

(6) In some cases, the tensile strength of the material was not given 
and had to be estimated from the type of steel and heat treatment. 

In view of all these uncertainties, the degree of correlation 
achieved may be considered as very satisfactory. 


CONCnJSION 


An evaluation of the Neuber constant for a large number of fatigue 
tests on steel specimens for stresses near the endiirance limit was made. 
The large number of tests analyzed is felt to Justify the conclusion 
that the fatigue factor Kp at the endurance limit can be estimated 
for steels with reasonable accuracy by using Neuber ‘s formula (eq. (l) 
of this paper) in conjunction with the Neuber constant A (evaluated 
from fatigue tests and defined by fig. 3 of this paper) . 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., Jiily 29 , 1952. 
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APPENDIX A 

STRESS CONCENTRATIONS PRODUCED BY CRACKS 


The stress concentrations produced hy cracks have "been used In a 
number of attempts to explain various phenomena encountered in the 
"behavior of materials. Althou^ many of these pro"blems are chiefly of 
theoretical interest, some may he of practical interest. An attempt 
was therefore made to analyze cracks, considered as limiting cases of 
notches, by an extension of the method developed in the main "body of 
this paper. 

Fatigue tests with artificial cracks as sources of stress con- 
centration have beai reported by Peterson (ref. 9) by Mailander 
(ref. 21 ). Peterson produced the cracks (in 0.41|— percent- carbon steel) 
by turning a narrow vee-groove in a romd bar, heating and compressing 
the bar to close the .groove, and finally annealing and machining the 
specimen. Mailander used three different methods of producing cracks. 

In the first, nltrlded steels were carefully stretched until the nitrided 
surface cracked. In the second, specimens containing a groove were sub- 
jected to repeated Impacts (25 blows) until cracks were visible at the 
bottom of the groove. The specimens were th^ turned down practically 
to the bottom of the groove. In both of these methods, penetrating dyes 
were applied so that the depth of the cracks could be measured after the 
test. In the third method, an austenitic stainless steel "was treated 
for grain disintegration by "boiling in a suitable solution for different 
lengths of time. The grain-boundary cracks generated were apparently so 
fine that they were not penetrated by the dye; the depth of crack was 
therefore estimated from the appearance of the fractured surface." Both 
Peterson and Mailander calculated the nominal stress on the assun^tlon 
that the cracked area could transmit compressive stress but not tensile 
stress. (Stresses computed on the basis of the full section differed 
by as much as 50 percent.) 

Stress -concentration factors for the test specimens were computed 
in the following manner, with the notation shown in figure 2. For a 
deep notch, Neuber gives a formula (ref. 2, ch. "V", eqs. (72) and (73)) 
which can be reduced to the simple form 
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when the notch radius R becomes very small; the subscript D denotes 
deep notch. For a shallow notch, Neuber gives another equation (ref. 2, 
ch. IV, eq. ( 131 )) which can be reduced to 


Kg = 2 




(A2) 


when the radius R becomes small; the subscript S denotes shallow 
notch. 

Up to this point, the theory used is classical theory of elasticity 
for an isotropic homogeneous material. The transition to the actual 
material is now made by substituting A for R in formulas (Al) 
and (A2). The final factor of stress concentration is obtained by 
applying Neuber's interpolation formula (ref. 2, ch. II, eq. (3)) 

- ^ (A3) 

- 1)^ 

Detailed data on the tests and on the results of applying for- 
mula (A3) are shown in table 6. The agreement between calculated and 
experimental factors of stress concentration as indicated by the 
ratio %/% in table 6 is quite satisfactory in view of the following 

considerations: 

(a) The depth of notch is rather uncertain in some cases. 

(b) The method of arriving at the calculated factors involves some 
debatable steps. 

(c) Factors estimated by the classical theory of elasticity are too 
high by a factor of about 10. (in order to mate such an estimate possi- 
ble, the width of a crack in a Mailander nitrided-steel specimen was 
estimated from a photomicrograph. ) 

The Mail^der tests in which the cracks were produced by stretching 
nlbrided-s teel specimens are open to the objection that the stretching 
may have affected the fatigue strength. Mailander forestalled this objec 
tion by check tests on specimens which had been stretched just short of 
cracking; no effect on fatigue strength was found in these tests . 
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APPENDIX B • 

SIZE EFFECT ON SMOOTH ROTATING BEAMS 


Stress gradients exist not only in the vicinity of notches; a beam 
subjected to bending also exhibits a stress gradient across its depth. 
This observation suggests that the Neuber constant A might be \iseful 
as a correlation parameter in the study of size effects on smooth 
rotating beams. 

Let Sj^ denote the endurance limit shown by smooth rotating beams 

of a given material; the endurance limit is the stress in the extreme 
fiber of the beam computed by the elementary beam formula 


^RB ^ 


Ma 
I . 


(Bl) 


The Neuber concept Implies that the endurance limit is a function of the 
stress gradient and thus, of the radius of the beam, and it is known from 
experiments that the endurance limit does appear to vary with the radius. 
A limiting value of the endurance limit may be expected in the limiting 
case of zero stress gradient. A rotating beam would require an Infinite 
radius in order to have zero stress gradient, but a zero gradient can 
easily be realized on a specimen of finite radius by resorting to axial 
loading. Let the endurance limit under axial loading be denoted by 

The results of fatigue tests on rotating beams of varying sizes are 
given in references 6, and 22. Preliminary analysis of the results 

suggested the empirical relation . 


®RB 



(B2) 


where a is the radius of the specimen and A the Neuber constant from 
figure 3- For most of the test sets, the value been deter- 

mined experimentally; it was therefore calculated from the experimental 
values of Spg By using formula (B2) in conjunction with the method of 

least squares. For the sake of consistency, this procedure was also 
applied in the final analysis to those test sets in which had been 

determined experimentally. 
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The results of the final analysis are shown in figure 10 for the 
tests of reference 22, and in figure 11 for the tests of references 3, 

U, a.nfl 6. More detailed information is given in table 7- The agree- 
ment is considered reasonably satisfactory. 

The relation (B2) is clearly appropriate only for comparing small 
beams and large beams in which the material has undergone reasonably 
similar amounts of hot and cold work. Thus, use of the relation is 
appropriate if the small beams are machined from the same bar stock as 
the large beams, and if the beams are cut from the bar in such a way that 
the weakest fibers of all bars are from equivalent locations. One scheme 
for cutting beams of various sizes from 3 -inch-diameter stock used by 
Moore and Morkovln (ref. 3) is illustrated in figure 12. It is possible, 
of course, that even large differences in the amount of hot or cold work 
may be Insignificant for some materials. 

The size effect predicted by relation (B2) is rather small in the 
usual range of interest. It is therefore easily conceivable that this 
effect might be masked in some tests by unrecognized differences in sur- 
face conditions which are known to be capable of producing powerful 
effects. 

An equation similar to (B2) should be applicable to the bending of 
plates or sheet, but no tests were found that could be used to substan- 
tiate this belief. 
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a .27 

l.lfi 

-590 

1.21 

( 75 ) 


P 

1.05 

.0074 

LIT 

L 12 

10 

o.ae )Cc 

.555 

.370 

. 07 TT 

1.47 

( 75 ) 


P 

1.20 

.0074 

L 29 

1.08 

10 

o.sB )lC 

■ 555 . 

.370 

.166^ 

1.23. 

( 75 ) 


^^^B P 

1.05 

. 00 ^ 

■ LIT 

i.:i 2 

IfJ 

0,30 j(c 

.555 

.370 

.185 

1.21 

(60) 



P 

1.59 

.0066 

L15 

.72 

10 

0.30 )C C 

•TO 

.370 

.0777 

1.47 

(80) 

- 


1.12 ■ 

.0066 

L 30 

l.l 6 

10 

0.33 fc 0.65 jiHii 

.900 

.600 

.06 

1.75 

<85 





i.« 

.0058 

L 46 

.96 

10 

0.33 3(0 1-97 3 <*n 

.500 

.600 

. .06 

1.75 

(100) 



.. — 

iM 

.0041 

1.49 


w 

St-Cr 

.570 

.380 

.019 

2.12 

(150) 



2.30 

.WI23 

L 75 

.76 

10 

Hl-Cr 

.900 

.600 

.060 

1.75 

( 120 ) 



• — 

1.67 

.0026 

L 53 

.92 

10 


*>dAsts in panntlmaM are aatiaataa. Tainea . 
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TABI£ II. - BOIACni} BEAMS WITH miEI3 - CoDclud«4 


« 


Xipe of Bt«al 

MaziMUB 

djleitebari 

In. 

f— 

Hlnlm 

dlBBctex, 

in. 

Bocrt 

rsdloB, 

In. 

JC||i 

UltlBate 

tftMilO 

s'treDgtlij 

k0i 

(a) 

Kndurance 

Unit 

(notohod), 

iMl 

Endurance 

llait 

(unnotobed), 

kfll 


fro* 
flB. 3, 
In. 

% 


Hofer- 

ancd 

Hl-Cr 



0.450 

0.300 

0.0186 

2.03 

Cl£0 



„ 

2.16 

0.0026 

1.60 

0.74 

10 

Fl-Cr 



.450 

.300 

.039 

1.64 

(120 


- - 


1.61 

.0026 

1.42 

.88 

10 

Hi-Cr 



.450 

.300 

.081 

1.30 

(120 


- 



1.21 

.0026 

1.28 

1.06 

10 

W-Cr 



1.500 

1.000 

,080 

1.09 

120 



1.75 

.0026 

1.69 

.97 

10 

Hl-Cr 



.615 

.410 

.0306 

1.91 

120 



.... 

1.71 

.0026 

1.63 


10 

Cr-Hl-W 



1.770 

1.180 

.110 

1.75 

{150 






2.10 

.00123 

1.62 

.77 

10 

Cr-Hi-W 



1.770 

1.180 

.236 

1.48 

150 






1.58 

.00123 

1.42 

.90 

10 

Cr-Hl-W 



1.770 

1.100 

.590 

1.21 

(150 





l.lB 

.00123 

1.19 

1,01 

10 

Cr-Il-W 



.450 

.300 

.051 

1.96 

(150 


— 



i.4o 

.00123 

1.45 

1.04 

K} 

Cr-Hl-W 



,450 

.TOO 

.144 

1.22 

(150 






1.07 

.00123 

1.19 

1.11 

10 

Cr-Co 



.450 

.300 

.039 

1.64 

(75 






1.47 

.0074 

1.34 

.91 

10 

0.33 ^ C 

0.65 )<lfa 


.900 

.600 

.060 

1.75 

(100 


.... 

__ 

1.80 

.0041 

1.44 

.76 

10 

0.33 ^ c 

1.9? f Ifa 


.900 

.600 

■ .060 

1.75 

(120 




.. 

1.78 

.0026 

1.53 

.86 

10 

oM 5<o 

1.7l^ SI 


.450 

.300 

.039 

1.64 

(130 




1.55 

.00202 

1.44 

.93 

10 

0.1(9 %c 

i.7i» SB. 


.450 

.300 

.120 

1.28 

(130 




— 

1.11 

.00202 

1.22 

1.1D 

ID 

O.W 



1.500 

1.000 

.180 

1.54 

(95 




__ 

1.48 

,W46 

1.41 

.95 

10 

0.1(6 jSc 



1.900 

1.000 

.160 

1.54 

(95 




.... 

1.4l 

.0046 

1.4l 

1,00 

U) 

0.1(6 



1.500 

1.000 

.iflo 

1.54 

(95 




1.30 

.0046 

l.4l 

1.08 

10 

0.60 f(c 



.900 

.600 

.060 

1.75 

(110 





1.58 

.0027 

1,93 

.97 

10 

0.33 5<C 




1.290 

.600 

■ .0496 

2.10 

(85) 





1.47 

,009a 

1,62 

I.ID 

9 

0.33 




1.290 

.600 

.0498 

2.10 

(95 



... 

1.9a 

.00^ 

1.68 

.88 

9 

0.1(6 




e.ooo 

1.000 

.188 

1.5a 

(100 




— 

1.35 

.0041 

1.30 

.96 

9 

0.53 3<C 




£.000 

1.000 

.188 

1.58 

(no 


— 

-- 

1.42 

.0033 

1.46 

1.03 

9 

0.53 )<C 




£.500 

2.000 

.312 

1.32 

(110 




— 

1.37 

.0033 

1,27 

.93 

9 

0.60 




l.£50 

.600 

.0496 

2.10 

(U0 



.. 

1.62 

.0027 

1.79 

1,00 

9 

0,37 5»C 0.60 )tcp 


i,250 

.600 

.0498 

2.10 

(i4o 


— 

— 

1.67 

.0016 

1.81 

1.08 

9 


1.30 ^H1 














c 



.748 

.374 

.020 

£.10 

76.5 

- 



1.73 

.0071 

1.50 

.87 

11 

Cr-Hl 



.748 

.374 

.020 

£.10 

19E.5 


-- 

2,12 

.00116 

1.74 

.82 

11 

Cr-Hl-W 



.748 

.374 

.020 

2.10 

230 




2,30 

.00008 

1.^ 

.87 

11 

au U350 



6.^2 

5.250 

.SBl 

2.10 

102 

18.5 

30 

l.fe 

.0038 

1.89 

1,17 

12 

SAB U050 



6.^ 

5.250 

.843 

1.50 

10£ 

25.5 

30 

1.18 

,0038 

1.46 

1.24 

12 


^lta>berfl In parenthBals ars asttHatad valoao. 
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TABIE m— BOTAIIIB BEAMS WITH TRAHSVBBBE HOUBD H)IJS8 


ro 

o 


Type of steel 

DigopbeXf 

in. 

2 H 

D 

Badiue^ B , 
In. 


UltlBiate 

tensile 

strength, 

kai 

(a) 

Endurance 

Unit 

(notched), 

ksi 

Endurance 

Unit 

( unnotched) , 
Esi 

Kf 

A 

froa 

In* 

% 

%|Ky 

Itefer- 

once 

Anco Zrotn 

0.300 

0.163 

0.0275 

2.04 

( 45 ) 

_ __ _ 


1.63 

0.0236 

1.54 

0.95 

9 

0.49 ^ c 

.300 

,183 

.0275 

2.04 

(80) 


.... 

1.51 

,0066 

1.70 

i.:i 3 

9 

0.52 ^ C 

.300 

.183 

.0275 

2.04 

( 89 ) 

.... 

.... 

1.38 

.0058 

1.72 

1.06 

9 

CyolopB 

.300 

.183 

.0275 

2.04 

(100) 

.... 

.... 

1.25 

.0041 

1.75 

1.40 

9 

0.43 ^ C 

.100 

.250 

.0125 

2.00 

76 

29.8 

33.0 

1.11 

.0072 

1.57 

i. 4 i 

13 

0.45 % c 

.500 

.250 

.0625 

2.00 

76 

24.0 

33.0 

1.37 

.0072 

1.75 

1.27 

33 

0.45 c 

.500 

.063 

.0156 

2.38 

76 

24.8 

33.0 

1.33 

.0072 

1.82 

1.37 

33 

0,45 

1.000 

.250 

.123 

2.00 

76 

23.5 

33.0 

1.40 

.0072 

1.81 

1.29 

13 

0.43 

1.000 

.063 

. .0312 

2.38 

76 

21.2 

33.0 

1,56 

.0072 

1.94 

1.24 

13 

0.43 i>c 

3.000 

.230 

.375 

2.00 

76 

21,2 

33.0 

1.56 

.0072 

1,68 

1.20 

33 

0.45 %c 

3.000 

.063 

.0938 

2.38 

76 

17.5 

33.0 

1.88 

,0072 

2.08 

l.U 

33 

0.57 sic Heat treated 

.273 

.144 

.0187 

2.11 

(90) 

34.5 

48.0 

1-39 

.0032 

1.73 

1.25 

33 

0.37 sic Heat treated 

2.130 

.35 

.160 

2.10 

(90) 

22.0 

49.0 

2.22 

.0052 

1.93 

.87 

33 

HlJfo 

.178 

.09 

.0080 

2.27 

97 

44.0 

53.0 

1.20 

.0044 

1.73 

1.44 

10 

Ml -Mo 

.178 

.25 

.0223 

2.00 

97 

37. d 

53.0 

1,43 

.0044 

1.69 

l.lB 

30 

SlJto 

.100 

.25 

.0125 

2.00 

97 

36.5 

53.0 

1,45 

.0044 

1.63 

1.32 

10 

HlJlo 

.500 

.25 

.0625 

2.00 

97 

30.5 

53.0 

1.74 

.0044 

1.79 

1.03 

10 

m-Mo 

.500 

.09 

.0225 

2.27 

97 

27.0 

53.0 

1 .^ 

.0044 

1.88 

.96 

30 

Hi -Mo 

2.000 

.25 

.2506 

2.00 

97 

26.2 

53.0 

2.02 

.0044 

1.76 

.87 

30 

Hl-Jto 

2.000 

.09 

.09 

2.27 

97 

24.7 

53.0 

2.15 

,oo 44 

2,04 

'.95 

10 

0.42 S ( C 

.500 

.050 

.0125 

2.48 

70 

.... 

.... 

1.42 

.0065 

1.80 

1.-27 

9 

0.42 jg C 

.300 

.080 

.02 

2.31 

70 



— 

1-55 

.00^ 

1.80 

1.36 

9 

0.42 s ( C 

.500 

.U 40 

.035 

2.12 

70 

.... 

.... 

1,62 

.0085 

1.75 

1,08 

9 

0.42 Si C 

.560 

.250 

.0625 

2.00 

70 


.... 

1.70 


1.73 

1.02 

9 

0.43 Si C 

2.000 

. .0050 

.0030 

2.88 

76 

.... 


1.22 

.0072 

1.86 

1.52 

9- 

0.43 si C 

2.000 

.060 

.060 

2 . 4 o 

76 

.... 


1.70 

.007a 

2.04 

1.20 

9 

0.45 Sic 

2.000 

.230 

.25 

2.00 

76 

-7— 


1.45 

. 00 ^ 

1.86 

1.28 

9 


®lfifflibers In parentheslB are eatlwated toIucb. 


1 


MCA TN 2805 





V k 


9JSLK X?t - TJSISrS RSfS DF mHEWIGAl iPlCIirae nowgtrsTWi murawinfmT. QBOOVgA 


JaUL HpoolantB ham mudmim dlnert^r of 0/319 In.) vlnlj 
6o^ 'gpoorai ittot rodiuB of o.OQl^ In.; 


i dliUMtor of 0 . 27 ^ In.) 


Typ. of rto«l 

UMl^gortlon 

of 

rtwl 

(.) 

Vltlaata 

tondln 

atroDffbh^ 

kai 

Ipicrofloo 

liiHt 

(notoJiad}| 

kal 

Xudursnctt 

UsLt 

(mBiotobod)i 

kal 


A 

fma 

fi«. 3i 
In* 

Kg 

r,/% 

ToQnratur*, 

°0 

Hafapanca 

CrJb 

145 a 

87.1 

19.9 

^1.2 

E.O7 

0.0056 

2 . 2 a 

1.03 

20 

14 13 

CrJfe 

1452 

1D5.0 

22.7 

56.8 

2.^ 

.0036 

2.45 

■98 

-78 

14 wid 13 

Cr4to 

1432 

1U4.0 

22.7 

— Q 1. 

56.8 

/*. n .a 

?■?“ 

.OOS9 

2 A 9 

«« 

1.01 

20 

1* ml 15 

Cr-Mo 

1452 

135.7 

25.6 

69.6 

2.72 

,0018 

eivo 

.99 

SO 

14 anl 13 

CrJfe 

1432 

134.0 

28.4 

76.7 

2.'K> 

.0011 

2.^ 

1.09 

-78 

14 ml 13 

Cr-KL4io-\r 

l46o 

12B.O 


62.5 

2.44 

,0021 

2.63 

1.06 

20 

14 ml 13 

0rJt].Jfe-T . 

1460 

]4s,8 


73.8 

2.60 

.001? 

2.82 

l.oB 

-78 

14 ml 13 

Cr^.Mo-7 

1460 

171.0 

31.2 

82.4 

2.64 

.00063 

3.12 

1,16 

20 

14 anl 15 

0i^lJ(n-V 

l46o 

1B7.0 

34.1 

SB.o 

2.69 

.00041 

3.34 

1.24 

-78 

l4 ml 15 

Cr-HUfe-y 

l46o 

174.0 

28.4 

80,9 

2.65 

.00063 

3.04 

1.07 

20 

14 anl 13 

Cp-m-Ka-T 

l46o 

U».9 


86.6 

^.0*5 

*000^ 


1-11 

-TS 



Irr^v 

A 

r*i 6 

te n 

•3 

Myni 


1 

. ^ * 


14^ 

^.0 

25.6 

^.5 

3.30 

.00022 

3.34 

1.01 

-78 

14 anl 13 

Cr-V 

1604 

92.0 

17.0 

44.7 

2.63 

.0049 

2.26 

.87 

SO 

14 anl 13 

Cp-V 

l6o4 

106.6 

19.9 

52.3 

2.64 

.0035 

2.46 

■93 

-78 

14 am 13 

Cr-V 

i6o4 

106.6 

19.9 

34.0 

2 . 72 . 

.0034 

2.43 

.89 

20 

l4 am 13 

Qp-V 

1604 

124.6 

19.9 

?.9 

2.96 

.0023 

2.A 

.89 

-78 

1( and 3^ 

Or-V 

l6o4 

139.5 

19.9 

66.2 

3.43 

,0016 

2.75 

.80 

20 

1^ and 3^ 

Cr-V 

1604 

151.3 

19.9 

78.1 

3.93 

.0012 

2.92 

.74 

-78 

14 anl 13 

Cp-V 

l6lo 

130.8 

13.6 

56.8 

3.63 

.002 

a .63 

.73 

20 

l4 am 15 

n^-T 


TM n 

w K 

SI T 

1 01 


0 on 

Til 

_Tfi 

ik — IS 

Or-V 

1610 

131.2 

17.0 

68.2 

i .60 

.X 19 

2 .S 7 

.67 

20 

14 am 15 

Cp-7 

1610 

149.8 

19.9 

72.4 

3.64 

.0013 

2.89 

.79 

-78 

Ik and 1? 

Cr-V 

1610 

196.1 

22.7 

79.3 

3.30 

.00031 


.97 

20 

14 am 15 

Or-V 

i6ic 

23^.0 

22.7 

60.9 

3.36 

.00013 

3.66 

1.03 

-78 

14 am 15 

UP-V 


135.5 

25.t> 

- 


.ooiB 

e.TD 

l.DS 

20 

Ik and 1? 

Cr-V 

i6eo 

151.0 

31*2 

75.3 

2.41 

.0012 

2.90 

1.80 

-78 

14 am 15 

Cr-V 

i6eo 

172.2 

28.4 

63.6 

2,93 

.00067 

3.10 

1.03 

20 

14 am 15 

CavV 

i6co 

166.0 

31.2 

88.0 

2,82 

.00041 

3.34 

1.18 

-78 

14 am 15 

Cp-V 

itea 

TA .9 

26.4 

81.8 

s.kn 

.noc6^ 

l.-Jl 

1.07 

20 

14 aait ia 

Cr-V 

vSeq 

169.0 

31.2 

GB.D 

2.82 

,00040 

3.34 

1.18 

-TB 

lA and I? 

Gp-V 

1620 

192.5 

19.9 

65.2 

4.26 

.00036 

3.33 

.73 

so 

ik and 1? 

Cp-V 

l6so 

209.3 

19.9 

89.5 

4.30 

.00020 

3.58 

.80 

.78 

14 am 15 

BtC 43,61 

1130 

112.6 

16.5 

49.T 

2,69 

.0030 

aA8 

.92 

20 

14 am 15 

BtC 43,61 

7J3Q 

127.3 

16.5 

62.5 

3.3B 

.0021 

2.66 

.79 

-78 

14 am 15 

BtC 43,61 

1130 

U4.8 

13.6 

54.0 

3.43 

.0029 

2.49 

'7® 

20 

l4 am 13 

BtC 43.61 

1130 

135.0 

15.6 

62.3 

(.00 

.OOlS 

2 .^ 


.78 

14 and 15 

BtC ' 60.61 

1130 

136,0 

19.9 

56.8 

2.66 

.0018 

2. 70 

.94 

20 

i4 am 13 

StC ^.61 

U 30 

151.8 

22.7 

71.0 

3.12 

.0012 

2.91 

.93 

-78 

14 am 15 

xc 8o 

IS 07 

156.0 

22.7 

49,7 

2.19 

.0012 

2.» 

1.33 


14 am 13 

ac So 

1207 

iTi.0 

25.6 

60.4 

2.36 

.00069 

3 . 1 k 

1.33 

-■)« 

14 am 13 

10 IDO 

1208 

212.0 

24.2 

85.9 

3.56 

.00017 

3.60 

1.01 

t20 

14 am 13 


°Garman aixmit oflDrtmc tl oo Htwlnl dailgnatloni. 
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TflBIE IV.- AHAL-IDAD FAnotK ■CBSTE OF CHIBIIHrCAL SPKUffilS CORIMHIIC CIKJiaffiEEBiTIAL OBOCJVFS _ Cooeloaed 

^lU ^c±nma hare martiiua OlHiteter of O.315 In.; dianeter of O.276 In.; 

6o°y groove; root radiue of O-OO*!- in.; Kj » 4 . 47 ] 


Type of steel 

Designation 
of ' 
steel 
(a) 

— 

Oltlnate 

tensile 

streiigtli^ 

4 sl 

Endurance 
Unit 
Cnotcbed ) , 
ksl 

aidnrajoce 

liMt 

(unjODtched)^ 

ksl 

% 

A 

fro* 
fl8- 3 , 
In. 

% 

%/^F 

Teapsratur©^ 

Befereace 

1 C 100 

1208 

226.0 

24.2 

93.0 

3.05 

0.00010 

3.78 

0.98 

-78 

l 4 and 15 

VC 135 

1253 

■ l 40.0 

28.4 

68.2 

2 . 1)0 

.0016 

2 .-T 5 

1.15 

20 

14 and 15 

VC 135 

3253 

156.0 

26.4 

75.3 

2.65 

.0011 

2.96 

1.12 

-78 

l 4 and 15 

yo 135 

3253 

136,0 

21.3 

62.5 

2.93 

,0018 

2,70 

.92 

20 

14 and 15 

VC 135 

1253 

153.0 

21.3 

68.2 

3.20 

.0012 

2.93 

.92 

-78 

l 4 and 15 

)bi 

1265 

305.3 

17.0 

48.3 

2.83 

.0036 

2,40 

.05 

20 

l 4 and 15 

) 6 a 

1265 

119.7 

17.0 

58.2 

3,42 

.0026 

2.54 

.74 

-78 

14 and 15 

Mn 

1267 

327.5 

19.9 

51.1 

2.57 

.0021 

2.62 

i.oe 

20 

14 and 15 

Mn 

1267 

144.0 

19.9 

59.6 

3.00 

.0014 

2.83 

.94 

-78 

14 and 15 

Ml 

1267 

338.2 

1 J 8.4 

62.5 

3.3a 

.0016 

2.73 

,81 

20 

l 4 and 15 

Hu 

1267 

1^.8 

1B.4 

66.7 

3.61 

.0010 

2.97 

.82 

-78 

l 4 and 15 

Hn-V 

3310 

146.0 

28.4 

64.6 

2.28 

.0014 

2.81 

1,23 

20 

l 4 and 15 

Hn-V 

1330 

162.2 

28.4 

72.4 

2.55 

,0009 

3.03 

1.19 

-70 

l 4 and 15 

Cr-Jfc Casting 

1811 

131.0 

19.9 

42.6 

2.14 

.0020 

2.66 

1.24 

20 

14 and 15 

Cr> 4 !o, Casting 

iflu 

I*ii 5 i 5 

19.9 

48.3 

2.43 

,0014 

fi.85 

1.17 

.78 

l 4 and 15 

Ka ' 


79.2 

l 4.0 

38.0 

2.71 

,0067 

2.36 

.80 

20 

15 

Mu 



91.4 

16.0 

43.0 

2.69 

,0050 

2.27 

.64 

-78 

15 

Ki 

— 

113.8 

3B.0 

48,0 

2.67 

.0030 

2.48 

.93 

20 

15 

Ifel 

— 

320.4 

Ifl.O 

51.0 

2.83 

,0025 

2.55 

.90 

-78 

15 

Mu 

— 

89.7 

14.0 

4 l.O 

2,93 

,0052 

2.26 

.77 

20 

15 

Mn 

— 

96.2 

l 4 .o 

48.0 

3.43 

.0042 

2.34 

.68 

-78 

15 

Mn 


112.8 

15.0 

54.0 ' 

3.60 

.0030 

2.47 

.69 

20 

15 

Mn 

• 

127.2 

15.0 

56.0 

3.74 

,0022 

2.62 

.70 

-78 

15 

Cr Jto Casting 

— 

116.0 

15 .c 

29.0 

1.93 

.0028 

2.51 

1.30 

20 

15 

Cr Jlo Casting 


129.5 

15.0 

32.5 

2.17 

.0020 

2.64 

1.22 

-78 

15 

Mh -7 Casting 


92.8 

13.0 

24.0 

1.85 

.0048 

2.28 

1.24 

20 

15 

Mn-V Casting 

— 

103.7 

16.0 

29.0 

1.81 

.0037 

2.39 

1.32 

-78 

15 

Cr-Mu Casting 

— 

125.6 

17.0 

30,0 

1.76 

.0023 

2.60 

1,46 

20 

15 

Gr 4 tu Casting 



134.2 

17.0 

30.0 

1.76 

.0018 

2,69 

1.53 

-78 

15 




"OeiBau aircraft^ couBtrnctloa material deBignetlous 
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TABLE V.- AXIAL-LQAD FATIGUE TBSIfl OF SHEET SPBCIMEMB COSTAmiHG | 

HOISS, SUWETHICAL HOTCflES AHD ITIIETS 1 

\ 


Type of steel 

Gross 

¥ldtli, 

1 b. 

Bert 

vidtt, 

in. 

Shape 

of 

notch 

Boot 

radius. 

In. 

% 

Ultimate 

tfflislle 

strength, 

JLUX 

Ehidurance 

limit 

(notched), 

l_ _ 

AMX 

Endurance 

limit 

(unnotched), 

I- — j 


A 

from, 
flfi. 3 , 

JLU^ 

% 

1 

SAE 4 X 30 ITonnallzGd 

1 I -.500 

1.500 

3 ole 

1.500 

2.0 

117 

25 

47 

1.88 

0.0027 

1.96 

1.04 

SAE; U 130 Homallzed 

2.250 

1.500 

0 

.3175 ■ 

2.0 

117 

27 

47 

1.74 

.0027 ; 

1.92 

1.10 

BAS I1-I30 Koroalized 

2.250 

1.500 

Fillet 

.1736 

2.0 

117 

27 

47 

1.74 

.0027 

1,80 

1.03 

SAB 4130 Bornw. 11 .aeii 

2.250 

1.500 

U 

.057 

4,0 

117 

l 4 

47 

3.36 

.0027 

3 . 4 ^ 

1,03 

SAB 4130 Fonsalized 

2.250 

1.500 

miet 

.0195 

4.0 

117 

17 

47 

2.76 

,0027 

2,72 

.99 

SAE lt -130 Mbma. 1.1 zed 

2.250 

1.500 

U 

.0315 

5.0 

117 

u 

47 

4,27 

.0027 

4,10 

.96 


lAO 
























ro 

■F^ 


TABIE VI,- HOTAIIHG BEAMS CODTAIirEIIG AETIFICIAL CRACKS 


Type of steel 

Maxlmun 

diameter^ 

in. 

Mininum 

dleaneter. 

In, 

Ultimate 

tensile 

strength, 

ksi 

(a) 

Hsduir&xicG 

Unit 

(notched), 

ksi 

SidiLraiic © 

H TOT -h 

( unnotched) , 
ksi 

Kp 

A 

from 

fig- 3 , 
in. 


Kj/Kp 

Refer- 

ence 

O.H % C 

3.20 

2.36 

(76) 



4.00 

0.0072 

5.11 

1.28 

9 

0 .i )4 i> C 

0.80 

.594 

(76) 



2.83 

.0072 

2.74 

.97 

9 

O.IA % C 

0.80 

.320 

(76) 

— 


6.75 

.0072 

2.10 

.31 

9 


OQJl 

• C-,^T 

0 )iTt 

« t-.“TVr 

128 

07 7 
^ \ * \ 

Ao 0 

*-*£-• J 

*3 nn 

.J » vs/ 

rwDio 

)i 7)1 

-r. j -r 

1 ciA 

OT 

«-JL 

ITitrlded 

.294 

.232 

101 

17.0 

68.1 

4.00 

.00396 

4.10 

1.02 

21 


■ Poll. 


lip 

pfl.k 

inq.n 

A. 7 Q 

■ OQI3 

■s.m. 

1.‘58 

21 

Nickel 

. 39 ^^ 

.378 

118 

12,1 

73.8 

6 .io 

.0027 

3.20 


21 

Stainless 

.236 

.220 

88 

33.2 

45.5 

1.94 

.00531 

rm/Cce 

2.24 

1.15 

21 

^ ^ 
Qbtijmj.esB 

• iiJO 

On 

• Ajjy 

nr\ C 

«n)i 



1 . ^ ^ 


n )■ Q 

±« 

1 

c.± 


^Sumbers In parenthesiB are eetjbnated values. 
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TABIE VII.- UHBOTCHED BDTATIHG BEAMS 


Type of steel 

Diameter, 

in. 

i 

Endurance 

limit, 

hsi 

Ultimate 

strength, 

ksi 

(a) 

A 

from 
fig. 3 , 

In* 

% 

or 

1 + 6 

Sal# 

hsi 

Seb# 

ksi 


VCN 35 

0.268 

85.2 

(100) 

0 . 004 l 

1.18 


Mi 

1 

58.5 

22 

VCM 35 

.646 

79.5 ■ 

(100) 

. 004 l 

1.11 



1 

55.4 

22 

VCB 35 

1.076 

73.9 

(100) 

. 004 l 

1.09 


MM 

1 

54.2 

22 

1 ^ C Normalized 

.268 

46.9 

(80) 

.0066 

1.22 



r 

33.0 

22 

1 C Normalized 

.646 

44.0 

(80) 

.0066 

I.l 4 


U7.0 - 

1 

\ 

30.9 

22 

1 ^ C Normalized 

1.076 

42.6 

(80) 

.0066 

1.11 


1 

L 

30.0 

22 

1 -^ C Annealed 

.268 

44.0 

(60) 

.0112 

1.29 




31.5 

22 

\ % Q Annealed 

.646 

41.2 

(60) 

.0112 

1.19 


. 24.4 ^ 


28.9 

22 

1 ^ C Annealed 

1.076 

39.8 

(60) 

.0112 

l.l 4 




27.9 

22 

0.10 % C 

.268 

39.8 

(50) 

.013 

1.31 



r 

27.5 

22 

0.10 % C 

.646 

36.9 

( 50 ) 

. 0-13 

1.20 


. 21.5 « 


25.8 

22 

0,10 $ 0 

1.076 

35.5 

( 50 ) 

.013 

1.16 



L 

24,8 

22 

O.Oh % C 

.0358 

43.3 

( 50 ) 

.013 

1.85 



— 

33.4 

22 

O.Oll- <f, C 

.0716 

38.4 

( 50 ) 

.013 

1.60 




28.9 

22 

O.Oh C 

.1432 

39.0 

( 50 ) 

.013 

1.43 


. 18.0 « 


25.7 

22 

0.04 % C 

.2864 

39.0 

( 50 ) 

.013 

1.30 




23.5 

22 

0 . 04 - % C 

Axial Load 

26.3 

( 50 ) 

.013 

1.00 




2 B. 0 . 

22 

o.4i ^ 0 

.0358 

30.5 

( 60 ) 

.oni 

1.79 

s 



23.3 

22 

0 , 4 l jg 0 

.0716 

27.0 

( 60 ) 

.0112 

1.^ 

1 



20.3 

22 

0 . 4 l i> C 

.1432 

27.0 

( 60 ) 

.0112 

1.39 

1 



18 .-1 

22 

0 . 4 l % C 

.2864 

27.0 

( 60 ) 

.0112 • 

1.28 

1 



16.7 

22 

0 , 4 l i> C 

Axial Load 

19.9 

(60) 

.0112 

1.00 

n 


•v. 

13.0 

22 

X 43 JO 

.125 

75 

152 

.00152 

1.16 




71.4 

3 

x 4 l 30 

.250 

69 

142 

.00152 

1.12 


►61.8 •< 


68.1 

3 

X 4 l 30 

.500 

65 

142 

.00152 

1.08 



66.6 

3 

X 4130 

1.000 

63 

142 

.00152 

1,06 




65.3 

3 

X 4130 

2.000 

63 

i 4 s 

,00152 

1.04 




64.1 

3 

SAE 1035 

.125 

39 

87.6 

;0054 

1.29 




40.6 

3 

(as rolled) 
SAE 1035 

,250 

39 

87.6 

,0054 

1.21 




37.9 

3 

(as rolled) 
SAE 1035. 

.500 

35 

87.6 

.0054 

lrl 5 


' 31.4 ' 


36.0 

3 

(as roiled) 
SAE 1035 

1.000 

35 

87.6 

.0054 

1.10 




34.6 

3 

(as rolled) 
SAE 1035 

2.000 

35 

87.6 

.0054 

1.07 




33.7 

3 

(as rolled) 
SAE 1020 

.125 

34 

62 

.0104 

1 . 4 l 

i 


■ 

34.8 

3 

(as rolled) 
SAE 1020 

.250 

32 

62 

.0104 

1.29 




31.8 

3 

(as rolled) 
SAE 1020 

.500 

28 

62 

.0104 

1.20 


>■ 24.7 ' 


29.8 

3 

(as rolled) 


62 








SAE 1020 

1.000 . 

28 

.0104 

I.l 4 




28.2 

3 

(as rolled) 
SAE 1020 

2.000 

30 

62 

.0304 

1.10 




27.2 

3 


(as rolled) 



^Nimbers In parenthesis are estimated values. 


SI 81 81 81 Si §i 81 Si 8! Si 81 SI SI SI 8! 8i Si 81 












TABTK VII.- OfflJOICEED BOTAOJIKI BBAM3 - ComclMed 


ro 

cr\ 


Type of steel 

DiajBster, 

In. 

Endurance 

limit, 

lESl 

Ultimate 

strength, 

ksi 

A 

from 
fig. 3 , 
in. 

% 

or 

8 aL> 

ksi 

®RB» 

ksl 

Refer- 

ence 

SAE 1020 

0,160 

29 

60 

0.0110 

1.37 



r 

31.6 

6 

( annealed.) 











BA£ 1020 

.250 

29 

60 

.0110 

1.30 




29.8 

6 

(annealed.) 











SAB 1020 

.500 

28 

60 

.0110 

1.21 


U3.0 < 


27.8 

6 

(annealed) 











SAB 1020 

1.000 

28 

60 

.0110 

1.15 




26.4 

6 

(annealed) 











SAB 1020 

1.875 

28 

60 

.0110 

1.11 




25.6 

6 

(annealed) 











SAB 1035 

.125 

35 

77.6 

.0069 

1.33 




35.8 

.6 

(annealed) 











SAB 1035 

.250 

34 

77.6 

.0069 

1.24 




33.2 

6 

(annealed) 







^26.9 




SAB 1035 

.500 

31.5 

77.6 

.0069 

1.17 




31.4 

6 

(annealed) 











SAB ^ 34-5 

.325 

70.25 

125.5 

.00226 

1.19 




72.2 

6 

SAE 23^5 

.160 

70.75 

325.5 

.00226 

1.17 




70.8 

6 

SAB 231^5 

-250 

66.75 

325.5 

.00226 

1.13 




68.9 

6 

SAB ^ 3*^5 

.300 

71.0 

325.5 

.00226 

1,12 


^60.7 \ 


68.2 

6 

SAB 2345 

.500 

66.5 

325.5 ’ 

.00226 

1.10 




66.5 

6 

SAB 2345 

.875 

64.0 

325.5 

.00226 

1.07 




65.1 

6 

SAB. 2345 

1.500 

66.5 

325.5 

.00226 

1.05 




64.0 

6 

SAB 43)40 

.125 

82.5 

363.5 

.0009 

1,12 

H 


r 

81.8 

4 

SAB 4340 

.250 

81 

363.5 

.0009 

1.08 

■ 



79.2 


SAB 4340 

,500 

78 

363.5 

.0009 

1.06 

1 


■ 

77.5 


SAB 4340 

1.000 

74 

363.5 

.0009 

1.04 

■ 


1 

76.2 


SAB 43I4O 

1.750 

74 

363.5 

,0009 

1.03 

B 

■ 

I 

75-5 

mm 
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Figirre 1.- Typical S-N curves 
for notched and umotched 
specimens. 


Figure 2.- Symbols defining 
the geometry of a notched 
specimen. 



Figure 3-- Proposed relationship between the Neuber constant 

ultimate strengths of steels. 


A and the 




'J25 



d,in. 


Figiire 4.- Typical comparlsan "between theoretical, Neu'ber, and fatigue 
factors for rotating beams containing circumferential grooves. 

(Data taken from ref. 7*) 



d,in. 


Figure 5*- Typical . comparison between theoretical, Neuber, and fatigue 
factors for rotating beams containing fillets. (Data taken from 
ref. lOi ) 




cj 



Figure 6 . - Comparison between Neuber and fatigue factors for rotating 
beams containing circumferential grooves. (Points with tails indi- 
cate computation of Kjj was made on basis of estimated value of 
ultimate strength. Numbers above symbols indicate the number of 
points averaged and ticks indicate extreme values in the group.) 


ro 

VO 


NACA TN 2805 



J9 LO 1.1 15 ZO 

Kn/Kp 

in between Neuber and fatigue factors for rotating 
fillets, (Points with tails indicate computation 
on basis of estimated value of ultimate strength. ) 
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K, /Kp 

Figure 8 .- Con^jarison between Neuber and fatigue factors for rotating 
beams containing tranBverse holes- (Points with tails Indicate 
computation of % was made on basis of estimated value of ultimate 

D J 


MCA TN 2805 



5 


1.5 


2D 


.9 1.0 

Kn/K 


9.- Comparison between Keuber and fatigue factors for axial load 
B, (Numbers above symbols indicate the n umb er of points averaged 
ticks Indicate extreme values in the htoud. 1 
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diameter , in. 

Figure 10.- Comparison of endurance limits for urmotched rotating ■beams uj 

and predictions "by formula (B2). (Data from ref. 22.) 
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